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PATENT 

ATTORNEY DOCKET NO: 07653/031001 

PASSIVATION OF SIDEWALLS OF A WORD LINE STACK 

BACKGROUND 

The present invention relates generally to 
semiconductor devices and, more particularly, to the 
fabrication of word line stacks. 

During the manufacture of some integrated circuits, 
field effect transistor (FET) gate electrodes and gate 
electrode interconnects are etched from a thick conductive 
layer that covers other circuitry. F'or example, in semi- 
conductor memory circuits, wherever a word lines passes over 
a field oxide region, it functions as a gate electrode 
interconnect; wherever the word line passes over a gate 
dielectric layer overlying an active region, the word line 
functions as a gate electrode. 

In early generations of integrated circuits, gate 
electrodes and electrode interconnects were often etched 
from a heavily-doped polycrystalline silicon (polySi) layer. 
However, fast operational speeds and low stack heights that 
are desirable for some applications could not be obtained 
using the polySi layer. Faster operational speeds, for 
example, are required for certain high-speed processor and 
memory circuits. Reduced stack heights are desirable for 
increasing the planarity of the integrated circuit to obtain 
better photolithographic resolution- To achieve increased 
operational speeds and lower stack heights in subsequent 
generations of integrated circuits, it became necessary to 
reduce the sheet resistance of the conductive layer from 
which the gates and gate interconnects were formed. A 
significant improvement in the conductivity of gate 
electrodes and gate interconnects was obtained by forming a 
low-resistance metal silicide layer on top of the 
electrode/interconnect layer. 



A silicide is a binary compound formed by the 
reaction of a metal and silicon (Si) at an elevated 
temperature. Refractory metal silicides, for example, 
include a refractory metal, such as tungsten (W) or titanium 
(Ti) , and have relatively high melting points in the range 
of about 1,400 degrees Celsius (°C) to greater than about 
3,40 0 °C, Metals with a high melting point are preferred 
for structures, such as gates, that are created early in the 
fabrication process because the processing of integrated 
circuit typically involves a series of steps performed at 
elevated temperatures. In contrast, a metal layer formed at 
the end of the fabrication process need not have a parti- 
cularly high melting point. Thus, aluminum (Al) , which has 
a melting point of only about 660 ^C, generally is used only 
for the upper level interconnect lines and is applied to the 
circuitry only after no further processing of the wafer 
above about 600 is required. Although metal silicides 
have significantly higher conductivity than heavily-doped 
polySi, a silicide is about an order of magnitude more 
resistive than the pure metal from which it is formed. 

To improve the properties of gates and gate 
interconnects even further, integrated circuit manufacturers 
are investigating the use of pure metal layers. Tungsten, 
for example, is of particular interest because it is 
relatively inexpensive, has a high melting point (approxi- 
mately 3,410 °C) , and is known to be compatible with current 
manufacturing techniques . 

The use of unreacted tungsten metal as a conductive 
word line layer can create certain problems during the 
fabrication process of the integrated circuit. The word 
line materials often must be capable of withstanding high 
temperature processing in an oxidizing environment. For 
example, shortly after the word line stack is patterned, a 



source/drain reoxidation is performed to repair damage that 
occurs to the gate oxide near the corners of source and 
drain regions as a result of etching the word line. The 
source/drain reoxidation reduces the electric field strength 
at the gate edge by upwardly chamfering the edge, thereby 
reducing the "hot electron" effect that can cause threshold 
voltage shifts. However, during such a reoxidation process, 
exposed tungsten along the edges or sidewalls of the stack 
is converted quickly to tungsten trioxide gas at high 
temperatures in the presence of oxygen. Moreover, sub- 
limation of the tungsten oxide is not self -limiting . The 
oxidation of the tungsten layer as well as oxidation of the 
barrier layer degrades the electrical properties of the word 
line. Accordingly, passivation of the exposed edges or 
sidewalls of the tungsten layer and the barrier layer is 
desirable . 

Various techniques have been proposed for 
passivating the sidewalls of the word line stack prior to 
reoxidation of the gate dielectric. However, some of the 
proposed techniques are not easily integrated into standard 
device fabrication processes, while other techniques do not 
result in sufficient reoxidation of the gate dielectric in a 
sufficiently short period of time. 

SUMMARY 

In general, techniques are disclosed for passivating 
exposed surfaces of a word line stack such as sidewalls of a 
metal layer or a conductive barrier layer to help prevent 
conversion of those layers to a non- conductive compound 
during a subsequent oxidation process. 

According to one aspect, a method of fabricating an 
integrated circuit on a wafer includes forming a gate 
electrode stack over a gate dielectric and forming nitride 



spacers along sidewalls of the gate electrode stack other 
than along lowermost portions of the sidewalls. Sub- 
sequently, a reoxidation process is performed with respect 
to the gate dielectric. 

According to another aspect, a word line stack is 
formed over a gate dielectric. Forming the word line stack 
includes forming a polysilicon layer on the gate dielectric 
and forming a metal layer above the polysilicon layer. 
Nitride spacers are formed along portions of sidewalls of 
the word line stack adjacent the metal layer. At least 
lower portions of sidewalls of the polysilicon layer are not 
covered by the nitride spacers. Subsequently, a reoxidation 
process is performed. 

Various implementations include one or more of the 
following features. Forming the nitride spacers can include 
forming a nitride layer over the wafer, and etching the 
nitride layer to form the nitride spacers. The nitride 
layer can be formed, for example, by chemical vapor 
deposition, and etching the nitride layer can include 
performing an anisotropic etch such as reactive ion etch 
process . 

Prior to forming the nitride spacers, an oxide layer 
can be formed adjacent the lowermost portions of the 
sidewalls of the stack. The oxide layer can be formed, for 
example, using a high density plasma process, a collimated 
sputtering process or a flowfill technique. Such techniques 
can be advantageous in forming an oxide which is thicker on 
horizontal surfaces of the wafer than on vertical surfaces, 
such as the sidewalls of stack. In some implementations, an 
isotropic etch is used to remove portions of the oxide layer 
so as to expose the sidewalls of the metal layer and/or the 
conductive barrier layer prior to forming the nitride 
spacers . 



Following formation of the nitride spacers, a 
portion or substantially all of the oxide formed on the 
horizontal surfaces can be removed prior to performing the 
reoxidation. The oxide can be removed from the horizontal 
surfaces, for example, using a selective wet etch. 

According to another aspect, an integrated circuit 
includes a semiconductor wafer and a gate dielectric film 
disposed on a surface of the wafer. A gate electrode stack, 
which includes multiple layers, is disposed on the gate 
dielectric film. Nitride spacers extend along sidewalls of 
the gate electrode stack other than along lowermost portions 
of the sidewalls . 

Some implementations include a polysilicon layer on 
the gate dielectric film and a metal layer above the 
polysilicon layer with the spacers extending along sidewalls 
of the metal layer. The stack also can include a conductive 
barrier layer between the polysilicon layer and the metal 
layer, with the spacers extending along sidewalls of the 
barrier layer as well. In some situations, the spacers have 
a thickness in the range of about 50 A to about 500 A. 

One or more of the following advantages are present 
in some implementations. By providing the nitride spacers 
along the exposed surfaces of the metal layer and/or the 
conductive barrier layer, those surfaces can be passivated, 
thereby preventing or reducing the conversion of those 
layers to non- conductive compounds. At the same time, the 
nitride spacers can be formed so that they do not interfere 
with the subsequent reoxidation process. Thus, the 
electrical properties of the resulting devices can be 
improved. In particular, metals such as tungsten can be 
used as the metal layer of the word line stack to take 
advantage of tungsten's relatively low expense, high melting 
point and compatibility with current manufacturing 



techniques. Reoxidation of the gate dielectric can be 
performed quickly and efficiently so as to repair damage to 
the gate dielectric that may occur during earlier fab- 
rication steps, thereby reducing the hot electron effect 
5 that can cause threshold voltage shifts. 

In addition, forming a non-conf ormal oxide layer, 
which is thicker on horizontal surfaces of the wafer than on 
the sidewalls of the gate stack, prior to etching the 
nitride spacers can help reduce or eliminate pitting of the 
10 underlying semiconductor substrate. - 

Other features and advantages will be readily 
apparent from the following detailed description, the 
accompanying drawings, and the claims, 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 FIG. 1 illustrates a cross-section of an exemplary 

word line stack . 

FIGS. 2 through 4 illustrate cross-sections of an 
exemplary word line stack during passivation of the 
sidewalls of the stack according to the invention. 
2 0 FIG. 5 illustrates the word line stack during a 

drain/source reoxidation according to the invention. 

FIG. 6 illustrates the word line stack during a 
drain/source reoxidation according to an alternative 
embodiment of the invention. 

2 5 FIG. 7 illustrates the word line stack during a 

drain/ source reoxidation according to yet another embodiment 
of the invention . 

FIGS. 8 and 9 illustrate passivation of the 
sidewalls of the word line stack according to another 

3 0 embodiment of the invention. 

FIG. 10 is a flow chart of a method according to the 
invention. 



FIG. 11 illustrates a cross-section of an exemplary 
integrated circuit including word line stacks passivated 
according to the invention. 

DETAILED DESCRIPTION 
f^ef erring to FIG. 1, an exemplary word line stack 10 
includes a polysilicon layer 11, a conductive barrier layer 
12, a metal layer 13, and a cap which can include, for 
example, a silicon dioxide (SiO^) layer 14 and a nitride 
layer 15. 

The barrier layer 12 should be impermeable to 
silicon and metal atoms and, in some embodiments, can 
include tungsten nitride (WN^) or titanium nitride (TiN^) . 
The metal layer 13 can comprise, for example, aluminum (Al) , 
copper (Cu) , or a metal or metal alloy. Exemplary metals 
include tungsten (W) , titanium (Ti) , platinum (Pt) , 
palladium (Pd) , cobalt (Co) , molybdenum (Mo) , nickel (Ni) , 
rhodium (Rh) and iridium (Ir) . 

The word line stack 10 overlies a Si wafer 14 with 
source and drain regions 19 formed on either side of the 
stack 10. The polySi layer 11 is insulated from the 
substrate 17 by a gate dielectric layer 16. 

The word line stack 10 can be formed by conventional 
techniques. For example, the substrate 17 can be oxidized 
to form the gate dielectric layer 16. Materials for the 
polySi layer, the barrier layer 12, the metal layer 13, the 
SiOs layer 14 and the nitride layer 15 are deposited 
sequentially, and subsequently are etched to form the stack 
10. 

The word line stack 10 as shown in FIG. 1 includes 
an unpassivated barrier layer 12 and metal layer 13 and 
represents a starting point for the techniques described in 
greater detail below. The techniques can be used to help 



passivate the exposed edges or sidewalls 18 of the metal 
layer 13 and the barrier layer 12 so that the word line 
stack 10 can be processed further in an oxidizing 
environment without undergoing conversion of the tungsten or 
other metal to a non- conductive compound. Additionally, the 
techniques can allow the oxidizing species to diffuse 
relatively quickly to the corners of the source and drain 
regions during the subsequent source/drain reoxidation 
process . 

Referring to FIG. 2, an oxide layer 2 0 is formed 
over the word line stack 10 and the gate dielectric layer 
16. Preferably, the oxide layer 20 should be formed so that 
a relatively thick oxide film with a height h is provided 
over horizontal surfaces of the wafer, whereas a relatively 
thin oxide film with a thickness t is provided along the 
vertical surfaces including the sidewalls or edges 18 of the 
stack 10. 

According to one implementation, the oxide layer 2 0 
is formed, for example, using a high density plasma (HDP) 
technique or a collimated sputtering technique. According 
to another implementation, the oxide layer 2 0 is formed 
using a flowfill technique. Such techniques are suitable 
for providing an oxide layer with the height h greater than 
the thickness t. Preferably, the height h of the oxide 
layer 2 0 along the horizontal surfaces should not extend 
above the lower surface of the polySi layer 11. 

In general, using either a HDP or collimated 
sputtering technique, the height h and thickness t of the 
oxide layer 20 will depend on the particular process 
parameters used and the topography of the devices formed on 
the wafer. In one exemplary implementation, the height h of 
the oxide layer 2 0 on the horizontal surfaces can be on the 
order of about 2 00 angstroms (A) , whereas the thickness t of 



the oxide layer 2 0 formed along the sidewalls 18 is only 
about 50 A. In that case, the ratio of the height h to the 
thickness t would be on the order of about 4 to 1 . In 
another exemplary implementation, the height h of the oxide 
layer 2 0 on the horizontal surfaces is on the order of about 
1,000 angstroms (A), whereas the thickness t of the oxide 
layer 20 formed along the sidewalls 18 is only about 400 A, 
The temperature during formation of the oxide layer 2 0 
should be kept sufficiently low so that little or none of 
the barrier layer and metal layer 12^, 13 is converted to 
oxide. Thus, for example, if the barrier layer 12 comprises 
WN^ and the metal layer 13 comprises W, the oxide layer 2 0 
can be formed at a temperature in the range of about 3 0 
to about 650 °C. 

To form the oxide layer 2 0 using a flowfill 
technique, the semiconductor wafer with the word line stack 
10 can be placed in a reaction chamber, such as a parallel 
plate CVD chamber, with silane gas and hydrogen peroxide 
provided to the chamber interior in the vicinity of the 
wafer. The silane gas and the hydrogen peroxide react to 
form SiOH4. Preferably, the temperature should be about 0 
degrees celsius {°C) or lower. Ratios of the height h of 
the oxide layer 2 0 to its thickness t along the sidewalls of 
the stack 10 can be on the order of about 10 to 1, and even 
as high as about 100 to 1. 

Optionally, if a flowfill technique is used to form 
the oxide layer 20, an elevated temperature treatment can be 
performed to help reduce the water content of the oxide 
film. Such elevated temperature treatments include, for 
example, anneal processes at a temperature greater than 100 
°C, and typically in the range of about 300-500 ^C. Alter- 
natively, a plasma treatment or a radiation treatment can be 
performed . 



Following formation of the oxide layer 20, an 
isotropic etch optionally is performed to remove sub- 
stantially all the oxide 20 from the sidewalls 18 (FIG. 3) . 
In one particular implementation, a hydrofluoric acid (HF) 
solution or a N,N,N, trimethyl hydroxide (TMAH) and HF 
solution can be used. Alternatively, a dry isotropic etch 
can be used to remove the oxide 20 from the sidewalls 18. 
In any event, the etchant should be selected so that the 
layers that form the word line stack 10 are not etched. In 
some applications, little or no oxide may be formed along 
the sidewalls 18 and, thus, the isotropic etch to remove the 
oxide 2 0 need not be performed. 

Next, a substantially conformal nitride layer is 
deposited over the wafer, for example, by chemical vapor 
deposition (CVD) or plasma -enhanced CVD (PECVD) , and an 
anisotropic or directional etch is carried out to form 
nitride spacers 22 along the surfaces or sidewalls 18 of the 
stack 10 (FIG. 4) . For example, a reactive ion etching 
(RIE) technique or a sputtering technique can be used to 
form the nitride spacers 22 which, in some implementations, 
have a thickness in the range of about 50 A to about 500 A, 
The nitride spacers 22, which can comprise, for example, 
silicon nitride (Si^N^) , should extend at least along 
portions of the sidewalls 18 at which the metal layer 13 and 
the barrier layer 12 previously were exposed. The nitride 
spacers 22, however, do not extend to the lower portion of 
the sidewalls of the polySi layer 11 which remains covered 
by the oxide layer 20. Use of a non-conf ormal oxide layer 
20, which is relatively thick over the horizontal surfaces 
of the substrate, can help avoid pitting of the silicon 
substrate during etching of the nitride spacers. 

Following formation of the nitride spacers 22, a 
source/drain dopant anneal can be performed, and a 
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source/drain reoxidation is carried out using standard 
techniques. The reoxidation process can include providing 
an oxygen-containing gas, such as H2O or O2 to a vicinity of 
the wafer. In one implementation, the reoxidation is 
5 carried out with the oxide layer 20 intact (FIG. 5) . As the 
reoxidation process takes place, oxygen diffuses through the 
oxide layer 2 0 to the corners of the source and drain 
regions 19. 

The duration of the reoxidation process may be 
10 slightly longer than if it were performed in the absence of 
the oxide layer 2 0 because the oxygen must first diffuse 
through the oxide layer. Nevertheless, compared to an oxide 
layer 2 0 formed using a sputtering or high density plasma 
technique, an oxide layer 2 0 formed using a flowfill 
15 technique can have a density which allows for a relatively 
high flux of the oxidizing species to diffuse through the 
oxide layer toward the source and drain regions 19. 

During the reoxidation process, the nitride spacers 
22 serve as a barrier to prevent the oxygen from interacting 

2 0 with the metal layer 13 and the barrier layer 12. The 

spacers 22, therefore, passivate those layers and prevent 
the conversion of those layers to a metal oxide or metal 
oxynitride. Thus, the combination of the nitride spacers 22 
and the oxide layer 2 0 allows reoxidation near the corners 
25 of the source and drain regions 19 while at the same time 
preventing or reducing oxidation of the barrier and metal 
layers 11, 12 in the word line stack 10. 

Alternatively, prior to performing the source/drain 
reoxidation process, a selective wet etch can be performed 

3 0 to remove a portion of the oxide layer 20 remaining over the 

source and drain regions 19 (FIG. 6) or to remove 
substantially all of the oxide layer 2 0 remaining over the 
source and drain regions 19 {FIG. 7) . The source/drain 



reoxidation process then is performed with the nitride 
spacers 22 acting as a barrier to the oxygen atoms to 
prevent oxidation of the metal and/or barrier layers 12, 13. 

As can be seen from FIGS. 6 and 7, if the oxide 
layer 20 is partially or completely removed prior to the 
source/drain reoxidation, the upper portion of the nitride 
spacers 22 may extend beyond the top of the stack 10. In 
general, nitride spacers that extend beyond the top of the 
stack 10 are not desirable because they make subsequent 
processing more difficult. To provide Spacers that extend 
to about the same height as the resulting stack 10, the 
nitride spacers 22 can be over-etched slightly during 
formation of the spacers (see FIG. 8) . The extent of the 
over-etching that is desirable will depend on the amount of 
the oxide layer 2 0 that is to be subsequently removed prior 
to the source/drain reoxidation. The amount of over-etching 
of the nitride spacers 22 can be controlled so that 
following removal of part of all of the oxide layer 2 0 the 
top of the stack 10 and the top of the nitride spacers 22 
are at about the same height (see FIG. 9) . 

FIG. 10 is a flow chart of some of the acts that are 
performed during some implementations. 

Referring to FIG. 11, an exemplary semiconductor 
memory device 3 0 incorporates word line stacks that form 
gate electrodes 44 with nitride spacers 4 8 which extend 
partially along the sidewalls of the word line stacks. 

The device 3 0 includes an n-type well 34 formed in a 
p-type silicon substrate 32, and a p-type well 36 formed in 
the n-type well 34. At the surface of the p-type well 36, a 
pair of transistors 3 8 are formed and constitute a memory 
cell of the device 30. Field oxide regions 45 separate the 
transistors 3 8 from other devices formed on the 
semiconductor wafer. 
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Each of the transistors 38 includes n-type 
source/drain regions 40A, 40B, 40C, a gate dielectric film 
42, and a stacked gate electrode 44. Each stacked gate 
electrode 44 can include a polysilicon layer, a conductive 
5 barrier layer, a metal layer, and a cap which can include a 
Si02 layer 14 and a nitride layer, as described above with 
respect to FIG. 1. Nitride spacers 48 extend partially 
along the sidewalls of the gate electrodes 44 and, in 
particular, cover the sidewalls of the respective barrier 

10 and metal layers. 

A first interlayer insulating film 50 is formed over 
gate electrodes 44, and a metal bit line 52 is connected to 
the source/drain region 4 OB through a contact hole 54. The 
bit line 52 is covered with a second interlayer insulating 

15 film 56. Capacitive elements are formed above the 

insulating film 56. The stacked-type capacitive elements 
include a lower electrode 58, a capacitor insulating film 
60, and an upper electrode 62. Each of the paired lower 
electrodes 58 is electrically connected to a respective one 

2 0 of the source/drain regions 40A, 40C through contact holes 

64 which extend through the first and second interlayer 
insulating films 50, 56. The capacitive elements are 
covered with a third interlayer insulating film 66, and 
metal wiring 68 is provided on the surface of the third 
25 interlayer insulating film to access bit lines, capacitor 
nodes and/or transistors. 

As can be seen in FIG. 11, the nitride spacers 48 do 
not extend all the way to the bottom of the stacked gate 
electrodes 44. Specifically, the nitride spacers 48 do not 

3 0 completely cover the sidewalls of the polysilicon layer that 

forms the lowermost layer of the gate electrodes 44 . As 
discussed previously, the nitride spacers 48 allow re- 
oxidation of the gate dielectric film 42 near the corners or 



edges of the source and drain regions 40A, 40B, 40C while at 
the same time preventing or reducing oxidation of the 
barrier and metal layers in the gate electrode stacks 44, 
The invention, thus, allows devices with increased 
5 operational speeds to be obtained by incorporating, for 
example, pure metal layers such as tungsten into the word 
line stack. Moreover, reoxidation of the gate dielectric 
can be performed quickly and efficiently so as to repair 
damage to the gate dielectric that may occur during earlier 
10 fabrication steps, thereby reducing the hot electron effect 
that can cause threshold voltage shifts. 

Other implementations are within the scope of the 
following claims. 
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What is claimed is: 

1 . A method of fabricating an integrated 
circuit on a wafer, the method comprising: 

forming a gate electrode stack over a gate 

dielectric ; 

forming nitride spacers along sidewalls of the 
gate electrode stack other than along lowermost portions of 
the sidewalls; and 

subsequently performing a reoxidation process 
with respect to the gate dielectric 

2. The method of claim 1 further including: 
forming an oxide layer adjacent the lowermost 

portions of the sidewalls prior to forming the nitride 
spacers . 

3 . The method of claim 2 wherein the oxide 
layer is formed using a high density plasma process. 

4 . The method of claim 2 wherein the oxide 
layer is formed using a collimated sputtering process. 

5. The method of claim 2 wherein the oxide 
layer is formed using a flowfill technique. 

6 . The method of claim 2 further including 
removing portions of the oxide layer to expose upper 
portions of the sidewalls prior to forming the nitride 
spacers . 

7 . The method of claim 2 wherein the oxide 
layer is formed using a process that results in a thicker 
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oxide being formed on horizontal surfaces of the wafer than 
along the sidewalls of the gate electrode stack. 

8. The method of claim 7 wherein, following 
the act of forming the nitride spacers, at least a portion 

5 of the oxide formed on the horizontal surfaces is removed 
prior to performing the reoxidation. 

9. The method of claim 7 wherein the oxide is 
removed from the horizontal surfaces, using a selective wet 
etch . 

10 10. The method of claim 7 wherein 

substantially all the oxide is removed from the horizontal 
surfaces prior to performing the reoxidation. 

11. The method of claim 2 wherein forming 
nitride spacers includes: 

15 forming a nitride layer over the wafer; and 

etching the nitride layer to form the nitride 

spacers . 

12. The method of claim 11 wherein forming a 
nitride layer includes depositing a nitride layer by 

2 0 chemical vapor deposition. 

13 . The method of claim 11 wherein etching the 
nitride layer includes performing an anisotropic etch. 

14. The method of claim 11 wherein etching the 
nitride layer includes performing a reactive ion etch 

25 process. 
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15. A method of fabricating an integrated 
circuit on a wafer, the method comprising: 

forming a word line stack over a gate 
dielectric, wherein forming the word line stack includes 
5 forming a polysilicon layer on the gate dielectric and 
forming a metal layer above the polysilicon layers- 
forming nitride spacers along portions of 
sidewalls of the word line stack adjacent the metal layer, 
wherein at least lower portions of sidewalls of the 
10 polysilicon layer are not covered by ^ the nitride spacers; 
and 

subsequently performing a reoxidation process. 

16. The method of claim 15 wherein forming a 
word line stack further includes forming a barrier layer 

15 above the polysilicon layer, and wherein forming nitride 

spacers includes forming nitride spacers along portions of 
the sidewalls of the word line stack adjacent the barrier 
layer . 

17. The method of claim 15 further including: 
2 0 forming an oxide layer over the wafer prior to 

forming the nitride spacers, wherein the oxide layer is 
thicker on substantially horizontal surfaces than along 
substantially vertical surfaces. 

18. The method of claim 16 wherein the oxide 
25 layer is at least about four times thicker on the 

substantially horizontal surfaces than along the 
substantially vertical surfaces. 



19. The method of claim 16 wherein the oxide 
layer is at least about ten times thicker on the 
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substantially horizontal surfaces than along the 
substantially vertical surfaces. 

20. The method of claim 16 wherein the oxide 
layer is formed using a high density plasma process. 

5 21. The method of claim 16 wherein the oxide 

layer is formed using a collimated sputtering process. 

22 . The method of claim 16 wherein the oxide 
layer is formed using a flowfill technique. 

23. The method of claim 16 further including 
removing portions of the oxide layer to expose the portions 
of the sidewalls adjacent the metal layer prior to forming 
the nitride spacers. 

24. A method of fabricating an integrated 
circuit on a wafer, the method comprising: 

15 sequentially forming a polysilicon layer, a 

conductive barrier layer, and a metal layer over a gate 
dielectric formed on the wafer; 

etching the polysilicon, conductive barrier and 
metal layers to form at least one gate electrode stack; 
2 0 forming an oxide layer adjacent lower portions 

of sidewalls of the polysilicon layer; 

providing nitride spacers along sidewalls of 
the conductive barrier and metal layers; and 

performing a reoxidation process with the 
25 nitride spacers serving as a barrier to prevent an oxidizing 
species from interacting with the metal layer and the 
barrier layer . 
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25. An integrated circuit comprising: 
a semiconductor wafer; 

a gate dielectric film disposed on a surface of 



the wafer, 



5 a gate electrode stack disposed on the gate 

dielectric film, wherein the stack includes a plurality of 
layers; and 

nitride spacers extending along sidewalls of 
the gate electrode stack other than along lowermost portions 
10 of the sidewalls. 

25. The integrated circuit of claim 25 wherein 
the stack includes a polysilicon layer on the gate 
dielectric film and a metal layer above the polysilicon 
layer, and wherein the spacers extend along sidewalls of the 
15 metal layer. 

27. The integrated circuit of claim 26 wherein 
the metal layer comprises a material selected from a group 
consisting of a refractory metal or a refractory metal 
alloy, 

20 28. The integrated circuit of claim 26 wherein 

the stack includes a conductive barrier layer between the 
polysilicon layer and the metal layer, and wherein the 
spacers extend along sidewalls of the barrier layer. 

29. The integrated circuit of claim 28 wherein 
25 the barrier layer is substantially impermeable to silicon 
and metal atoms . 
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30. The integrated circuit of claim 25 wherein 
the spacers have a thickness in the range of about 50 A to 
about 500 A. 
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ABSTRACT 

A method of fabricating an integrated circuit on a 
wafer includes forming a gate electrode stack over a gate 
dielectric and forming nitride spacers along sidewalls of 
the gate electrode stack other than along lowermost portions 
of the sidewalls. Subsequently, a reoxidation process is 
performed with respect to the gate dielectric. By providing 
the nitride spacers along exposed surfaces of conductive 
barrier and metal layers of the word line stack, those 
surfaces can be passivated, thereby preventing or reducing 
the conversion of those layers to non- conductive compounds 
during the reoxidation process. At the same time, the 
nitride spacers can be formed so that they do not interfere 
with the subsequent reoxidation of the gate dielectric. An 
integrated circuit having a gate electrode stack with 
nitride spacers extending along sidewalls of the gate 
electrode stack other than along lowermost portions of the 
sidewalls is also disclosed. 

45290. Nil 
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FORM GATE DIELECTRIC ON UPPER SURFACE OF 
SUBSTRATE 



FORM WORD LINE STACK WITH CONDUCTIVE BARRIER 
AND/OR METAL LAYERS OVER GATE DIELECTRIC 



FORM OXIDE LAYER OVER SURFACE OF WAFER 



OPTIONALLY REMOVE THIN OXIDE LAYER FROM 
SIDEWALLS OF WORD LINE STACK 



FORM NITRIDE SPACERS ALONG SIDEWALLS /EDGES OF 
BARRIER LAYER AND METAL LAYER OF WORD LINE 
STACK 

OPTIONALLY REMOVE PART OR ALL OF THE OXIDE LAYER FROM 
SURFACE OF WAFER 

PERFORM SOURCE/DRAIN REOXIDATION 
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